We report a systematic first-principles study on the recent discovered superconducting Ba 1−x K x Fe 2 As 2 systems (x = 0.00, 0.25, 0.50, 0.75, and 1.00). Previous theoretical studies strongly overestimated the magnetic moment on Fe of the parent compound BaFe 2 As 2 . Using a negative on-site energy U , we obtain a magnetic moment 0.83 µ B per Fe, which agrees well with the experimental value (0.87 µ B ). K doping tends to increase the density of states at fermi level. The magnetic instability is enhanced with light doping, and is then weaken by increasing the doping level. The energetics for the different K doping sites are also discussed.
in a very recent work, 29 in itinerant systems, for d 6 configuration as Fe 2+ is, the exchangecorrelation effect may cause charge disproportionation (2d 6 → d 5 + d 7 ) and lead to U = E(N + 1) + E(N − 1) − 2E(N) < 0.
In this paper, we report the theoretical electronic and magnetic properties of Ba 1−x K x Fe 2 As 2 (x = 0.00, 0.25, 0.50, 0.75, and 1.00) from first-principles calculations in the framework of generalized gradient approximation(GGA)+U. With a negative U, we obtain a magnetic moment per Fe atom for BaFe 2 As 2 equal to 0.83 µ B . By comparing the total energies, we predict the most favorable doping structure. Moreover, we find slight doping (x near or small than 0.25) tends to enhance the magnetic instability, while medium and heavy dopings (x near or larger than 0.5) tend to suppress it.
II. MODEL AND METHOD
BaFe 2 As 2 exhibits the ThCr 2 Si 2 -type structure (space group I4/mmm), where FeAs layers are separated by single Ba layers along the c axis as shown in fig.1 
(a). The FeAs layers
are formed by edge-shared FeAs 4 tetrahedra, similar to that in ReFeAsO. In the calculation, we adopt a √ 2 × √ 2 × 1 supercell, which contains four Ba atoms, eight Fe atoms, and eight
As atoms. All structures are fully optimized until force on each atom is smaller than 0.01 eV/Å. During all the optimizations and static calculations, the lattice parameters are fixed to the experimental values a = b = 5.53Å and c = 13.21Å. 14 Although the lattice constants are different at different doping levels, the variations are very small, and we think they will not significantly change the electronic structures of the systems. To simulate doping, we replace one, two, three, and four Ba atoms with K atoms, which corresponds to 25%, 50%, 75%, and 100% doping, respectively.
The electronic structure calculations are carried out using the Vienna ab initio simulation package 30 within GGA+U. 32 The electron-ion interactions are described in the framework of the projected augment waves method and the frozen core approximation. 31 The energy cutoff is set to 400 eV. For density of states (DOS) calculation, we use a 12×12×6 Monkhorst dense grid to sample the Brillouin zone, while for geometry optimization , a 6×6×3 Monkhorst grid have been used. The on-site Coulomb repulsion is treated approximately within a rotationally invariant approach, so only an effective U, defined as U ef f =U-J needs to be determined, where U is the on-site Coulomb repulsion (Hubbard U) and J is the atomic- orbital intra-exchange energy (Hund's parameter) 33 . Here we adopt a negative U ef f of -0.5 eV, and if not specially mentioned, all the discussions in the results are based on U ef f = −0.5 eV.
III. RESULTS AND DISCUSSIONS
First, we focus on the electronic properties of the mother compound BaFe 2 As 2 . In order to describe the electronic structures with different magnetic orderings, the Fe atoms in two Table I and II. We find very weak instabilities from NM to FM and AFM6, a stronger one to AFM5, and the strongest We have tested the effects of different U ef f on the magnetic moments and total energies.
As shown in fig. 2 , the magnetic moment changes monotonously with U ef f , and a slight change of the U ef f will significantly alter the magnetic moment. Similar results have been found in ReFeAsO, 28 a negative effective U thus may be a common feature of the FeAs layers.
The density of states (DOS) of the AFM4 state is shown in fig. 3a , similar to that in ReFeAsO, the contributions from Fe and As dominate the DOS near the fermi level, and the density of states at the fermi level (N E f ) is 5.65. The band structure of AFM4 is illustrated in fig. 3b , the small dispersions along c axis (from Γ to Z and A to M) indicate the interactions between layers are small. There are three bands cross the fermi level, one electron band around Γ to X, and two hole bands around Γ to Z and M to Γ, which indicates the multi-band feature of the system.
Next, we turn to the doping effects on the electronic structure of the system. In the case of one K replace of Ba (Ba 0.75 K 0.25 Fe 2 As 2 ), the K site has two choices, one is in the layer of z=0.0 (case1), and the other is in the layer of z=0.5 (case2), where z is the direct coordinate along the c axis of the supercell. The total energies of these two cases are very close, for NM state, the total energy of case 1 is about 0.2 meV higher than that of case2. The results of magnetic instabilities and the magnetic moment on Fe of these two cases are listed in Table   I and II. We find the AFM3 state disappears in case1, while in case2, it is the state has the lowest energy, and the magnetic moment on Fe is not significantly changed in the states with the in-plane stripe-like AFM.
The DOS and band structures of AFM4 of case1 and AFM3 of case2 are illustrated in fig.   4 . Compared with the parent compound, the shape of the DOS does not alter significantly, but the states near the fermi level are shifted up, resulted in an increase of the N E f , which is 9.46 in AFM4 of case1, and 9.18 in AFM3 of case2. In the band structures, the changes of the states near the fermi level is much clearer, in both AFM4 of case1 and AFM3 of case2, only two hole bands across the fermi level, this is accord with the experimental results where hole pockets at Γ sites become larger after doping.
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Then, we go to the case of Ba 0.5 K 0.5 Fe 2 As 2 . There are three possible ways of substitution for K, that is two in the layer z=0.0 (case 1), two in the layer z=0.5 (case 2) and one in each layer (case 3). The calculations show case 3 is the most favorable in the energy point of view, for NM state, the total energy of case 3 is about 0.19 eV lower than that of case 1 and case 2 per supercell. Thus, here we discuss the magnetic and electronic properties of case3 only. As shown in Table I and II, although AFM3 is the state with the lowest energy, AFM4 is very close to it, and the magnetic moments on Fe of these two states are almost the same. So AFM3 and AFM4 may co-exist at this doping level, competing with each other.
The DOS and band structure of AFM3 and AFM4 are given in fig. 5 , though the shape of the DOS is similar to former cases, the states are further slightly shifted up with N E f of 12.84 for AFM3 and 13.13 for AFM4. In the band structure, there are 3 bands across the fermi level.
For Ba 0.25 K 0.75 Fe 2 As 2 , K atoms have two choices, one is two atoms in layer z=0.0, and the other one in layer z=0.5 (case 1), the other choice is two in layer z=0.5, and the other one in layer z=0.0 (case 2). In spin-unpolarized calculations, these two cases have almost the same total energy (case 1 lower about 3.65 meV than case 2), so these two structures may co-exist at this doping level. Although with very close energy, their magnetic structures are different. In Table I , we can see the AFM3 state is not exist in case1, while in case2, it has the lowest energy. And again, we find the magnetic moments on Fe of the states with the in-plane stripe-like AFM are almost the same. Besides, at this doping level, we find the instability from NM to FM is increased, close to that of NM to AFM4 or AFM3. So here, the system may have competing orders of FM, AFM3, and AFM4. In all states of case 1 and case 2, the AFM3 of case 2 has the lowest energy, the DOS and band structure of this state are plotted in fig. 6 . The N E f in this case is increased to 15.24, and the bands near the fermi level are moved up, exhibiting 5 bands across the fermi level.
Lastly, although the 100% percent doping is hard to achieve in experiments, we still investigate this KFe 2 As 2 case for consistency. The magnetic instabilities and magnetic moments on Fe atoms are given in Table I and II, we find the NM to AFM6 has the strongest instability here, with AFM1 the next. This is different with the above cases, where the states with in-plane stripe-like AFM is always the state with the lowest energy. The DOS and band structure are shown in fig. 7 . Comparing with the DOS of Ba 0.25 K 0.75 Fe 2 As 2 , the N E f is slightly decreased to 14.70, and 5 bands cross the fermi level here.
From the results illustrated above, we find the magnetic properties of Ba 1−x K x Fe 2 As 2 is very sensitive to the doping geometry, and the magnetic moments highly depend on the ordering. These properties imply that the magnetism of these compounds is of itinerant character. 34 No matter the interlayer alignment of the states with in-plane stripe-like AFM, they have almost the same magnetic moments on Fe atoms. Doping does not change the nature that the DOS near the fermi level is dominated by the FeAs layer. It results in an increase of the N E f by shifting up the bands across the fermi level.
IV. CONCLUSION
In conclusion, we have performed first-principles calculation for Ba 1−x K x Fe 2 As 2 systems within the GGA+U method. Using a negative U ef f of −0.50 eV, we find the same SDW ground state with experiment for the parent compound, and the magnetic moment on Fe is very close to the experimental value (cal. 0.83 µ B v.s. exp. 0.87 µ B ). We predict the most favorable doping geometries from the energy point of view. Besides, we find that the magnetic instability is enhanced with x=0.25, and then start to decrease. Moreover, in our result, the magnetic structure is very sensitive to the geometry, and the magnetic moment on Fe highly depends on ordering, especially the in-plane ordering. 
